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Optoelectronics aiding
industrial material 
processing
Optoelectronic components have been
responsible for a quiet revolution in manu-
facturing and related processes. Low power
confers portability, while emission and
detection at new wavelengths are filling the
gaps in the spectrum. These are just some of
the benefits manufacturers are deriving from
photonics. Optoelectronics are improving
existing processes and helping innovate new
ones for a wide range of industries.
About the time of inception, the laser was said to
be an invention looking for an application. It was
less a problem when the first commercial laser
diodes came along. Even so, few would have
been able to predict just how pervasive lasers
and related optoelectronics components have
become. It does not stop there either, such is the
potential of optoelectronics.
Today, there can hardly be a system which, in
one form or another, does not rely on optoelec-
tronics at some stage. In fact, opto-based systems
are helping improve the performance of opto
devices themselves. Lasers and detectors are
used to monitor the fabrication of wafers and
epitaxial layers and then to measure the charac-
teristics of the finished devices.
For example,AIXTRON’s MOCVD systems are
available fitted with the EpiTUNE® II in situ
monitoring tool for individual wafer measure-
ments. Based on Luxtron proprietary Ripple®
technology, EpiTUNE® II allows measurement of
the reflectivity of growing wafer surfaces as well
as true surface temperature with an unrivalled
precision.All III-V processes can be real-time
monitored and monitoring of semi-transparent
substrates is also possible.The accuracy of the
tool - well below 1°C - is high enough to control
the most challenging processes such as VCSEL,
InP laser or GaInAsN processes.
At present, the main application for high
power diode laser bars is to pump solid-state
lasers, which are used, for example, in the
automobile industry for welding.With the new,
more powerful lasers, not only the system out-
put can be increased, with the same service
life, but systems can be made smaller and more
reliable for the same output.Applications may
also be possible that were previously reserved
exclusively for solid state lasers, such as sur-
face processing.A new world record was
recently set by laser bars with a wavelength of
808 nm – 64% efficiency at an optical output
Roy Szweda,
Associate Editor 
Figure 1. A new world record was recently set by laser bars with a wavelength of 808 nm
– 64% efficiency at an optical output of 120 W. Osram Opto Semiconductors set the new
record together with the laser specialists DILAS as part of the “BRILASI” research project.
The values were measured under laboratory conditions at room temperature and take
into account the power losses of the electrical system.
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of 120 W. Osram Opto Semiconductors, see
Figure 1.
Violet lasers and printing
Thanks to new devices, new wavelengths in
the electromagnetic spectrum are being
opened up – such as by the violet laser – so
there will soon be devices for every possible
application. Combining devices will enable
multi-wavelength response and hence multi-
function instruments to aid diagnostics and
chemical analysis, for example. Polaris plateset-
ters, see Figure 2.
Much less expensive than the FD-Nd-YAG and
with longer lifetime, laser diodes can cover a
large emission bandwidth.The red laser diodes
(670nm) have a useful life of around three years,
while thermal computer-to-plate (CTP) systems
mostly use near-infrared laser diodes (830nm),
but one of the first commercial successes of vio-
let laser diodes has been in CTP.
Lasers confer several other decisive advantages
including the fact that the laser heats up in min-
utes as opposed to half an hour for a FD-Nd-YAG
laser and does not reach too high temperatures:
therefore it is possible to increase or reduce the
laser power outside of the actual exposure times.
A FD-Nd-YAG will expire after 600 working days,
whereas the violet laser diode can achieve more
than double this.
The Yorkshire Post became one of the first UK
newspapers to switch over and claimed no prob-
lems since the installation of its Monotype sys-
tem in January 2001.A spokesman said that the
violet laser is reliable, highly productive and
highly competitive.They calculate that it cost up
to 1.5 euro less per square metre of plate than
the green FD-Nd-YAG.
Distributors of opto components are often closer
to the customer. One such distributor is Pro-Lite
Technology, of Milton Keynes, UK, a company
which sees the broader view of this market. Its
Sales Director, Peter Blyth said that,“Opto has
indeed pervaded not just manufacturing and tele-
com but in just about every aspect of the indus-
trial workplace and home. For example, one of
our lines, that from BSR, has created a productive
niche technology from the microlensing of any
commercial laser diode.They can convert a let-
terbox, elliptical, highly structured, astigmatic
almost optically useless output beam into a near
circular, diffraction-limited beam.This lends itself
to high coupling efficiencies - of around 80% -
into single mode - including polarisation main-
taining - optical fibres.“Another exciting new
development is in medical. Diomed is amongst a
Figure 2. Agfa Graphics has signed a major contract with Spain’s leading newspaper El País. The deal includes three violet-
laser, high-speed Polaris platesetters for N91v digital plates, each with Arkitex NewsDrive and Pre-Ink automation soft-
ware, plate processing and punch and bending equipment. Including the two-year service contract, the value of the deal
was valued at 1.2m.
IIIVs1904p33_37.qxd  09/06/2006  10:35  Page 34
www.three-fives.com 35
Industrial Optoelectronics M A R K E T F E A T U R E
growing number of companies which are using
high power CW laser diodes for treatment –
their latest being for varicose veins.As you can
imagine this has much to commend compared to
traditional surgery”.
Blyth sees security as another key area with IR
laser diodes being used as illuminators in night
vision equipment and target designation for the
military.“As a CCD camera has its peak sensitivi-
ty, say 800-850 nm, in the ‘invisible’ IR you can
imagine the benefits of shining a bright beam 
of 820 nm light onto a target undetectable to 
the ‘terrorist’ but the scene is illuminated as if 
in day-time”.
R&D engineers in flow cytometry, microscopy
and genomics would like to get their hands on a
more powerful diode laser in the UV. Recently,
TOPTICA’s iPulse and iBeam has begun providing
up to 18 mW at 375 nm.TOPTICA Photonics AG
has maintained high power stability (< 0.5%) and
the German company says diffraction limited
beam quality of the successful industrial laser
series iBeam/iPulse, the higher output power
extends opportunities compared to previous
models in several bio-medical fields.
It adds that fluorescence detection, signal-to-
noise ratio is often limited by the available exci-
tation power. Gas lasers in the near UV provided
sufficient power, but suffered from unfavorable
energy consumption and heat dissipation.The
high power diode based solutions of its propri-
etary iBeam and iPulse therefore present a wel-
come alternative at 375 nm.
As UV diode technology matures, further advan-
tages are close at hand: Industrial customers
appreciate the lifetime extension of 50 %, whilst
system integrators welcome the good predictabil-
ity of the diode life cycle.A diode exchange can
now be planned in advance, reducing system
down-time to less than 30 minutes. In addition,
the pulse performance improved significantly,
reducing former drooping tendencies at certain
pulse cycles by 66 %.
LED lighting leads
The application of lighting in manufacturing is
also being transformed by the availability of new
types of LED. No longer is the industry reliant on
area lighting as it can now emplace the illumina-
tion source precisely where it is needed. Good
examples in this regard include machine vision
and medical. LEDs offer a number of advantages
for such applications.The use of a monochromatic
light source with typical 460 nm peak wavelength
eliminates the need for inefficient colour filters,
while the low voltage DC operation allows small
handheld and cordless designs.They are effective-
ly ‘cold’ so no heat gets through to affect the
process in question. Plus the lightweight coupled
with low heat output makes for comfort and
therefore improved ergonomics.
“What makes binary-complementary synthetic
white LED light so unique is the fact that it’s a
potentially lower cost solution than other white
LED illumination alternatives,” said Gentex Vice
President, Kenneth La Grand.“Up to four-fifths of
the light from these systems can come from the
amber LED chips they contain, with the remain-
der provided by the blue-green chips.The prop-
erties of a binary complementary system are thus
dominated by amber LED technology - about the
brightest, most widely available and cost-effective
LED colour available.”
Similarly, LEDs are making a big impact in general
lighting. LED lighting has many advantages over
neon lighting for channel letters.“It contains no
glass tubes which are high maintenance due to
breakage caused by the weather, vandalism and
so on,” he adds.“The Gentex LED Rail operates 
at 24 V compared to the much higher AC volt-
ages needed for neon so it is a safer operating
voltage”.
In hospitals too, LEDs are proving very popular.
Surgeons can wear headsets with white LED
light sources rather than filament bulbs.This
means they can be battery-powered, lightweight
and not overheat. Plus they can have light output
characteristics tailored to the particular user’s
needs. Such units are also making their way into
the dental profession, replacing the traditional
high-cost overhead illumination.According to
Lumileds, several companies are now incorporat-
ing its Luxeon V Dental LED-based light source in
dental light-curing devices, which provide faster
curing times, easier use, and consume less energy
than current products. Currently, most blue light
sources in dentistry use tungsten filament halo-
gen lamps that incorporate a blue filter to pro-
duce light in the 400-500 nm region.This light is
directed down a waveguide such as a fused glass
bundle.The end of this waveguide is placed adja-
cent to the soft uncured composite filling materi-
al positioned in a tooth cavity.A division of 3M
Company’s Health Care Business was one of the
first to launch a product based around the
Luxeon V Dental.
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Into the UV
The UV emission from these solid-state light
sources is also assisting in the diagnosis and
treatment of medical and dental problems.The
UV part of the spectrum can now be further
transformed thanks to the availability of conven-
ient low voltage solid-state light sources. OEMs
are now including them in portable, compact
systems used to detect counterfeit documents
and banknotes.This time-consuming and one
time expensive activity has been made much eas-
ier thanks to the availability of lower-cost opto
components.
Sensor Electronic Technology (SET), a US compa-
ny developing short-wavelength LEDs, has begun
shipment of some of the first ‘deep-UV’ products.
The latest AlInGaN-based LEDs emit at 265-365
nm, and amongst the first to order these compo-
nents are makers of test and sensor equipment.
However, the market is by no means limited to
these areas. SET president Remis Gaska has said
that:“We plan to penetrate very-high-volume mar-
kets for water and air purification and disinfec-
tion products.As well as being smaller than tradi-
tional deep-UV light sources such as mercury or
deuterium lamps, the LEDs contain fewer toxic
chemicals. So we hope that more applications,
such as food safety inspection, will also soon
take advantage of these components”.
Machine vision LEDs
The long lifetime of LEDs relative to convention-
al light sources has been a key attribute in their
adoption, especially in applications where a high
premium is placed upon reliability, or where
maintenance costs are high. For example, in
machine vision, the cost of downtime on a manu-
facturing line due to lamp failure is much higher
than the cost difference between LEDs and con-
ventional sources.
It is no longer enough simply to supply the
components, helping customers up the learn-
ing curve is another example of adding value in
the opto business. Phil Melore, Engineering
Manager at US company Keyence, says “You can
solve a lot of illumination problems with LEDs
such is their advantage over older light
sources”. Keyence is one company well aware
of the need for ‘problem solving’.These solu-
tions involve indirect LED lighting to eliminate
glare and provide a more even illumination.
With direct reflection, colour differences due
to variations in illumination are much reduced.
With bar-type LED illumination, variations
caused by the glossy surface are eliminated.
Detection of defects on low-contrast surfaces is
made possible because the LED light sharpens
the contrast of edges and uneven surfaces.
Keyence says that ‘While direct reflection
means a chip on the perimeter of the object
remains undetected, with low-angle LED illumi-
nation, the chip on the edge is clearly differen-
tiated in white’.
VCSEL move out of datacom
Cost is always high on the agenda and opto has
usually been able to offer a competitive solu-
tion.Thanks to their good price competitive-
ness, IR VCSELs have become important com-
modity components. From a good start in tele-
coms as these lower-cost lasers became better
understood by designers they have also begun
to compete with other light sources. Plus a
number of players are bringing onto the mar-
ket longer and shorter wavelength devices,
each with their own target application. For
instance, Ireland-based Firecomm’s 650-680 nm
vertical cavity surface emitting lasers (VCSELs)
are popular in applications such as medical and
data reading/capture as well as for fibre optic
comms. Firecomm’s CEO Declan O’Mahoney
The era of high performance optoelectronics is exemplified by Bookham's IGF-42312. 
The first of a new line of extended temperature XFP modules capable of high performance
operation between -10°C and +85°C, it handles a twenty degree wider temperature range
than that of standard devices.  The IGF-42312 is a multi-protocol 10km reach transceiver that
supports SONET/SDH SR-1/I-64.1, 10G Ethernet and 10G Fibre Channel applications, includ-
ing FEC rates. The IGF-42312 has surpassed a 1000-hour interim phase of the rigorous
Telcordia Generic Reliability Assurance Requirements for Optoelectronic Devices used in
Telecommunications - GR-468-CORE - qualification testing, with products now shipping under
controlled availability.
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said that,“We are developing these 650-680 nm
VCSEL-based transceivers enabling visible light
to run through large core plastic fibre at modu-
lations up to 3.2 Gbit/s.As POF is easier to
install than copper at these data rates it is
opening up a large new market for lower cost
networking.”
One characteristic of the opto market in recent
years has been the growing overlap in applica-
tion of LEDs and certain types of laser, notably
the VCSEL. Barcode readers, printers, even fibre
optic telecoms, are amongst the product types
where both LEDs and lasers have formed the
basis of commercially successful products.There
will be a stronger focus for VCSELs on applica-
tions outside of the traditional province of
VCSELs, notably datacom: Up to now the data-
com market has by far been the best market for
VCSELs, but amongst the best prospects for 850
nm devices are optical navigation or encoder
applications.
An example is the Logitech MX1000 Cordless
Laser Mouse which uses a VCSEL for surface
illumination.And a good example of how newly
developed lasers are expanding the scope of
instrumentation is the application of distrib-
uted feedback (DFB) laser diodes in the near-IR
part of the spectrum.Wavelengths between
760-1100 nm match not only the absorption
lines of athmospheric gases, but also the reso-
nance transitions of alkali atoms, says TOPTICA
Photonics.Whilst customized external-cavity
diode lasers have long been TOPTICA’s busi-
ness, new techniques even allow for retroac-
tively adding a grating structure within the
semiconductor material of an individual laser
diode, avoiding the prohibitive costs for cus-
tomized wafer design of the past.
Research scientist Anselm Deninger says,“A major
advantage of the DFB systems is the absence of
any critical opto-mechanical components, permit-
ting high long-term stability and reliability.We have
been working for example with the University of
Tübingen on demonstrating the suitability of DFB
lasers for applications in high resolution alkali
spectroscopy, such as laser cooling or optical
manipulation of ultra-cold atoms. Last not least, the
extremely large mode-hop free tuning range of the
DFB lasers is one of the keys to the generation of
tunable Terahertz radiation.And we are looking at a
high-power two-colour laser which would open
up applications such as Terahertz screening or
more-dimensional imaging”.
Future prospects
So even though manufacturing processes will
likely never challenge data storage and its like,
there will be always be a need for smaller runs of
higher unit value products. Further application
of systems relying on optoelectronics is
inevitable providing further healthy business for
opto manufacturers and their distributors.
Because of the need for closer interaction with
the customer, there will also be the benefit to
the more specialist companies.
This overview could but touch on a selection of
opto applications – to do this justice would
require at least a book-sized treatment. Such is
the potential for optoelectronics in the creation
and improvement of products and the produc-
tion methods used to make them it could well
require a series of volumes.
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